IMMEDIATE SYSTEMIC ASSESSMENT
Initial physical assessment of an animal with severe brain injuries should concentrate on imminently life-threatening abnormalities. It is important not to focus immediately on the patient's neurological status as many cases will be in a state of hypovolaemic shock following a head injury, which can exacerbate a depressed mentation. Hypovolaemia needs to be recognised and corrected straightaway. As with all types of acute injury, the 'ABC' (airway, breathing, cardiovascular status) of emergency care is extremely important to address. Rapid assessment tests, including packed cell volume, total protein, blood urea nitrogen and blood glucose, are all part of the initial patient assessment (see table on the right).
Systemic blood pressure
Systemic or mean arterial blood pressure has been suggested as being a valuable parameter for monitoring the management of dogs and cats with head injuries because it is closely related to cerebral blood flow and brain perfusion in such patients. As systemic blood pressure decreases to <50 mmHg, cerebral blood flow decreases. Blood pressure can also be checked regularly and easily with the aid of indirect blood pressure monitors.
Patient ventilation
Respiratory system dysfunction can be common following SEVERE head trauma is associated with high mortality, with death often resulting from progressive increases in intracranial pressure. Brain injury in dogs and cats is most frequently caused by road traffic accidents, but can also be due to falls, kicks, gunshot wounds and animal bites. Appropriate management of patients with head trauma remains a controversial area in veterinary medicine because of a lack of retrospective studies evaluating treatment approaches for dogs and cats with similar injuries. Notwithstanding, management of affected cases must be immediate if the animal is to recover to a level that is both functional and acceptable to the owner. The first veterinary surgeon to deal with an animal suffering from brain injuries following an inciting traumatic event will dictate that patient's fate! It is important to be aware of the optimal way to assess head trauma cases before making treatment decisions. Many dogs and cats can indeed recover from severe brain injuries if treatable systemic and neurological abnormalities are identified promptly. This article discusses current recommendations for optimising the chances of success for such patients.
Evaluation and treatment of the head trauma patient
SIMON PLATT a head injury. It is therefore extremely important to monitor a patient's respiratory function by ensuring adequacy of the airway, noting the rate and depth of breathing as well as objectively assessing the respiratory function using pulse oximetry and arterial blood gas analysis.
Hypoxaemia is usually associated with hyperventilation and may be due, in part, to the abnormal breathing patterns seen following head trauma. Patients with head injuries may have also sustained chest trauma, which in itself may cause hypoxia; this reinforces the need for thoracic radiographs as soon as possible after admission. 
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SECONDARY DIAGNOSTIC MEASURES
Once normovolaemia and appropriate oxygenation and ventilation are established, patients should be thoroughly assessed for traumatic injuries (eg, trauma to the skull, vertebral and long bone fractures, splenic torsions and ruptured ureters).
Coma scoring system
In humans, traumatic brain injury is graded as mild, moderate or severe on the basis of the level of consciousness on the Glasgow Coma Scale (GCS). A modification of the GCS used in humans has been proposed for use in veterinary medicine. The scoring system enables grading of the initial neurological status and serial monitoring of the patient. Such a system can facilitate an assessment of prognosis, which is crucial for both the veterinary surgeon and the owner. Each of the three categories of the examination -level of consciousness, motor activity, and brainstem reflexes -is assigned a score from 1 to 6 on the modified GCS.
Level of consciousness
The level of consciousness provides information about the functional capabilities of the brain, and ranges from normal, depressed or delirious to stuporous or comatose. Patients presenting in a state of coma generally have bilateral or global cerebral abnormalities or severe brainstem injury and have a guarded prognosis. tered. This requires an objective mechanism to 'score' the patient so that treatment decisions can be made rationally (see box below).
Motor activity
Diagnostic imaging
The precise indications for imaging a patient with head injuries have not been established, but some type of advanced imaging is indicated in all cases which do not sufficiently respond to, or deteriorate with, aggressive medical therapy. Diagnostic imaging should only be considered after adequate physiological stabilisation of patients.
Computed tomography (CT) is the preferred modality for imaging of the head in cases of severe head injury, and in these situations offers certain advantages over magnetic resonance imaging (MRI): s CT image acquisition time is faster than with MRI; s CT is often less expensive; and s CT demonstrates acute haemorrhage and bone better than MRI.
However, MRI has been shown to provide key information relevant to the prognosis of human patients with head trauma based on its ability to detect subtle parenchymal damage which is not evident on CT imaging.
Radiographs of the skull are unlikely to reveal clinically useful information about brain injury, but may occasionally show evidence of calvarial fractures.
TREATMENT GUIDELINES
Treatment of animals with head trauma should take place as soon as possible and probably, in part, as the diagnostic assessments are being carried out. Attempts to treat affected cases should focus more on systemic support than specific neurological therapies. Full recovery from the injuries may not be possible, but improvements can be seen for at least three months after the initial trauma. A lack of improvement after seven days of therapy implies a grave prognosis, although a decision to euthanase may be taken earlier if the animal is in a comatose state.
Positioning the patient
Animals with head injuries should be positioned with the head elevated at a 30º angle from the horizontal to maximise arterial supply to, and venous drainage from, the brain (Dewey 2000); this helps to minimise elevations in herniation of the cerebellum through the foramen magnum, or both. Unilateral mydriasis may indicate unilateral cerebellar herniation or brainstem haemorrhage. Physiological nystagmus may also be impaired with brainstem lesions as a result of damage to either the cranial nerve nuclei that innervate the extraocular muscles or the interconnecting brainstem pathways.
Score category
Actual MGCS score Suggested prognosis I 3 to 8 Grave II 9 to 14 Guarded III 15 to 18 Good
MODIFIED GLASGOW COMA SCALE (MGCS) SCORE CATEGORY AND SUGGESTED PROGNOSIS
intracranial pressure. It is also important to ensure that there is nothing constricting the jugular veins (eg, a collar or padding) as this immediately elevates intracranial pressure.
Fluid therapy
The basic goal of fluid management in animals with head trauma is to maintain a normovolaemic to slightly hypervolaemic state. Immediate restoration of blood volume is imperative to ensure normotension and adequate cerebral blood flow. Conversely, dehydration of a patient in an attempt to reduce cerebral oedema is recognised to be deleterious to cerebral metabolism and is not recommended. Initial fluid resuscitation usually involves intravenous administration of hypertonic saline and/or synthetic colloids, as this allows rapid restoration of blood volume and pressure while limiting the volume of fluid given. In contrast, crystalloids will extravasate into the interstitium within an hour of administration and, therefore, larger volumes are required for restoration of blood volume which could exacerbate the oedema in patients with head trauma. s Hypertonic saline administration (4 to 5 ml/kg over three to five minutes) draws fluid from the interstitial and intracellular spaces into the intravascular space; this improves blood pressure and cerebral blood pressure and flow, and thus helps to reduce intracranial pressure. However, hypertonic saline should be avoided in the presence of systemic dehydration or hypernatraemia and it should be noted that the effects of this type of fluid therapy only last for up to an hour. s Colloidal solutions, such as dextrans 70 or hetastarch, should be administered after the use of hypertonic saline to maintain the intravascular volume. s Hypertonic solutions act to dehydrate tissues so it is essential that crystalloid solutions are given following their administration to ensure that this does not occur. The sole use of colloids will not prevent dehydration; hypertonic solutions and colloids are more effective at restoring blood volume when given together rather than alone.
Osmotic diuretics
Osmotic diuretics, such as mannitol, are very useful in the treatment of intracranial hypertension. Mannitol has an immediate plasma-expanding effect that reduces blood viscosity and increases cerebral blood flow and oxygen delivery. This results in vasoconstriction within a few minutes, causing an almost immediate decrease in intracranial pressure. The better known osmotic effect of mannitol reduces extracellular fluid volume in both the normal and damaged brain.
Mannitol should be administered as a bolus over a 15-minute period, rather than as an infusion, in order to obtain the plasma-expanding effect. It takes approximately 15 to 30 minutes to bring about a reduction in brain oedema and the effect lasts for between two and five hours. Doses of 0·25 g/kg appear equally effective in lowering intracranial pressure as doses as large as 1·0 g/kg, but may act for a shorter period of time. Repeated administration of mannitol can cause an accompanying diuresis, which may result in volume contraction, intracellular dehydration and the concomitant risk of hypotension and ischaemia. It is therefore recommended that the use of mannitol is reserved for critical patients (ie, animals with a GCS score of <8) or those that are deteriorating. There is no clinical evidence to support the suggestion that mannitol is contraindicated in the presence of intracranial haemorrhage. However, there are reports to suggest that the use of mannitol with frusemide (0·7 mg/kg) may lower intracranial pressure in a synergistic fashion.
Oxygenation and ventilation
Supplemental oxygen should be provided to animals with head injuries and, initially, should be administered via a face mask; oxygen cages are usually ineffective as they hamper constant monitoring of the patient. Nasal oxygen catheters or transtracheal oxygen catheters should be used as soon as possible to supply a 40 per cent inspired oxygen concentration at flow rates of 100 ml/kg/minute or 50 ml/kg/minute, respectively. Although the most suitable form of oxygen administration in some patients may be via the intranasal route, care should be taken with the insertion and maintenance of the intranasal catheter as it can cause sneezing and subsequent elevation of intracranial pressure. The use of lidocaine gel can reduce this risk. If the patient is in a coma, immediate intubation and ventilation may be needed. A tracheostomy tube may be warranted in some cases to assist ventilation.
Hyperventilation has traditionally been used as a means of lowering abnormally high intracranial pressure through a hypocapnic cerebral vasoconstrictive effect. However, hyperventilation can induce potentially detrimental reductions in the cerebral circulation and so is not currently recommended.
Seizure prophylaxis
Although the role of prophylactic anticonvulsants in preventing post-traumatic epileptic disorders remains unclear, seizure activity greatly exacerbates intracranial hypertension in patients with head injuries. For this reason, it is recommended that all seizure activity in such patients is treated aggressively. As most cases need to be treated parenterally, phenobarbitone (2 mg/kg intramuscularly every six to eight hours) is advised. If this initial dose of phenobarbitone does not control seizure activity, a constant rate infusion of diazepam (0·5 to 1·0 mg/kg/hour) or phenobarbitone (1 mg/kg/hour) should be considered. Alternatively, bolus doses of phenobarbitone can be repeated every 30 minutes in a loading fashion up to a Three-year-old poodle with head injuries recovering in an incubator which is providing an oxygen-enriched and temperature-controlled environment maximum of 24 mg/kg over a 24-hour period. Care should be taken to ensure that the animal's cardiorespiratory functions and blood pressure are not depressed by the use of excessive doses of anticonvulsants as this may be detrimental to the head trauma patient. Phenobarbitone therapy can be continued for three to six months following trauma, after which it can be slowly tapered off if there have been no further seizures. Phenobarbitone has the additional benefit of reducing cerebral metabolic demands and, therefore, acts as a cerebral protectant.
Corticosteroids
Corticosteroids are known to be helpful in cases of brain oedema attributed to tumours and their use in patients with head injuries has been studied extensively. Clinical trials suggest that corticosteroids, including methylprednisolone sodium succinate, have no beneficial effect in the treatment of traumatic head injuries. In addition, they have been associated with increased risks of infection, are immunosuppressive, and cause hyperglycaemia and other significant effects on metabolism. Therefore, while corticosteroids may be of benefit in animals with spinal trauma, their use is not recommended for the treatment of patients with head trauma.
Nutritional support
Nutritional support is essential in the management of animals with head injuries and has been shown to improve the neurological recovery of cases as well as shortening the overall time to recovery. On a short-term basis, a nasogastric tube can be used to deliver protein-rich compounds; again, caution should be used when placing and maintaining these tubes as they may cause sneezing which can elevate intracranial pressure. Pharyngostomy or oesophagostomy tubes should be used for medium-to long-term management of patients. If there is brainstem damage, a gastrostomy tube should be inserted in case the animal has poor oesophageal function.
SUMMARY
Head trauma is a relatively common emergency situation with potentially devastating consequences. A practical and logical approach is necessary to rapidly assess the patient. Evaluation of multiple basic criteria is essential for establishing a prognosis and provides an indication about the success of a particular course of therapy. Basic systemic stabilisation should always be considered a more important priority than using advanced testing technology; focusing on the ABC of emergency management is the best protocol for resolving potential cerebral damage in a patient. 
